Abstract-Distance learning using internet as q communication medium has been successful for instructional education. The paradigm of instructional education deals with a real time interaction between a tutor and students. The next phase of internet powered distance education is to enable laboratory based education. This can be achieved by providing an interactive, collaborative experience and live access to the equipment while an experiment is being conducted. The key objective of this study is to provide remote access capability for engineering laboratories and create cyber-enabled, hands-on laboratory environments. The primary challenges for a cyber-enabled laboratory include technological issues related to communication infrastructure as well as non-technical issues such as determining collaborative interaction among remote students. Based on these challenges, we have evaluated and developed software & hardware components to provide a streamlined, web-centric laboratory experience for remote access students.
INTRODUCTION
Most education systems encourage hands-on aspect [1] to education, wherein students who participate have to collaborate to create a holistic experience. The instructional model of an education has an instructor and a student where in the communication channels are primarily of a broadcast type. The many-to-one aspect occurs when students ask questions to the instructor. In a collaborative instructional model, the students interact with each other and they are moderated by an instructor mostly experienced in laboratory setting [2] . Quite a few technologies have been used to tackle the technical challenges for instructional distance communication [3] . On the other hand, there are few tools but no definitive solution for collaborative communication. This paper outlines the challenges posed by collaborative education and presents a toolset to overcome the distance barriers with a real-time feel for remote students.
The collaborative instructional model has two primary challenges.
Technical Challenges: The technical challenges for realtime access to equipment and software for a Cyber Enabled Laboratory is highlighted in Figure 1 . It can be seen that connectivity is the primary challenge. Issues of latency to provide a real-time interaction [4] with the equipment is critical to proving a holistic laboratory experience.
Non-Technical (ambiance) challenges:
The non-technical challenges primarily are to create a laboratory environment as realistically as possible for the remote student. To solve this issue audio, video and interactive software are required. This aspect of the cyber enabled labs is discussed later.
In this paper, we show challenges and solutions for moderated collaborative learning. We compare different software applications to meet the various technical and nontechnical challenges in a collaborative environment such that the framework can be constructed from off the shelf products. In the next section we identify the various technical and nontechnical challenges. Next, we discuss the available tools to solve these challenges. Finally, we provide our feedback and experience with the implementation of the cyber-enabled laboratories.
II. TECHNICAL CHALLANGES
To setup a collaborative real-time educational framework the challenges are classified as technical and ambiance. The technical challenges primarily focus on the aspect of using technology to remove the distance barrier such that the feedback experienced is similar to that of real-time [5] . The challenge of ambiance is to create a setting where participants feel the framework is as close as that what someone would experience in a real world laboratory. To effectively solve these fundamental issues, significant ovehaul of the existing laboratory infrastructure is required.
A. Lab Workstation
Lab Workstations need to be upgraded to contain all of the software and hardware interfaces required to execute an experiment. The requirement by this workstation is to have enough capacity to execute all the programs at the same time for experimentation and any software that is needed to communicate with the remote student. The other requirement is the connecting interface to the experiment board (either via RS232 or USB) and the measurement equipment [6] . The presence of a experimental board is not always mandated but for completeness presence of extra connector ports [7] on the workstation is required.
B. Application Software
The next important aspect of the cyber-enabled laboratory setup is the software to enable the communication of the collaborative setup [7] [8]. Before we get into the software comparison, we present the requirements for choosing appropriate software to achieve the goal as shown in Figure 1 .
• The local student should be able to communicate with the remote student via the internet via voice, video and text [7] • The remote student should be able communicate to the local student via the internet via voice and text • The remote student should be able control the computer desktop of the local student • The remote student should be able to access and control the local equipment(Measurement and Experimentation) via the internet [5] [6] • The remote student should be able to visualize the effect of the experiment via the webcam • The instructor should be able to join and be able to solve an issue of group via the internet. Although the instructor is considered local the instructor also moderates this session. • The instructor should be able to lecture all the students via the internet Based on these possible use cases, we identify that the software needs to support three classes of communication.
1. One-to-One communication wherein the local student and remote student communicate directly via voice, text and/or video 2. Many-to-Many communication when an instructor tries to help a group to successfully carry out an experiment. 3. One-to-Many communication when the instructor in delivering a lecture. Another requirement of this software is the need for moderation [8] [9] . This is an important requirement in the proposed collaborative model. Since the instructor is in the charge of the laboratory, he/she is the one who permits who can or cannot use the laboratory. This is the first level of privilege enforcement in this kind of collaborative environment.
Finally, software application should be able to execute on any operating system so as not to limit the remote student's choice of operating system.
C. Networking challenges
The networking challenge in such a collaborative environment is the bandwidth requirement [9] . The bandwidth requirement implies the minimum network bandwidth required to create a realistic environment. From our experimentation we tests suggest that depending on the settings the applications use between 30-90 Kb/s to run video. Application sharing takes 110 -130Kb/s .
Another requirement for the networking was to able control two different computers via the internet [10] . This is a special case which required the need of inserting an IP KVM switch for controlling both the computers.
D. Equipment challenges
Equipment are classified as two types; the measurement equipment and the experimentation equipment. The measurement equipment need to be controlled via the internet [11] such that a remote student can access it. There are two ways to solve this problem. One is to attach the equipment to the Lab workstation and the control software is accomplished via the workstation. The other one is to have web-enabled equipment which can be directly controlled via the internet. The workstation interface is a more secure solution since the login into the local workstation is controlled by the workstation admin. The experimentation equipment is generally connected to the workstation via RS232 or USB cable. Software to access these equipment's is on the workstation.
E. Audio/Video interface
This collaborative education framework requires the remote student to be involved in any local experiment in real-time. To provide effective feedback for such an experience there is a need to stream in video of the changes on the experimentation equipment [12] [13] . For this experimental setup, we chose to use a 720p video streaming for one to one communication.
Another aspect is to provide video of instructor communication which was also streamed at 720p.
III. COMPARISON OF COLLABORATION TOOLS
In this section we compare the various tools we evaluated to enable this collaborative environment. Two critical factors for consideration are ease of installation and security. We evaluated the 8 different applications. The first cut was designed to eliminate programs that had show-stopping bugs, or did not provide enough features as per our use cases. These software applications were: 1. Webex [15] Right off the bat Logmein was eliminated because of security concerns. The software automatically installed itself to run at startup without user consent. Openmeeting was difficult to install, and the desktop sharing was incomplete.
The various factors of comparison are:
Group Formation: This is an important aspect in thw collaborative educational framework where students in groups and tutors who are physically apart over the web. The key here is whether a software allows grouping from the whole set of students. Moderator Integration: This reflects on whether the software allows the collaborative education can be controlled by an instructor as if it were in a classroom setting. The moderator controls who joins the session and which groups are allowed. In case there is intervention required from the instructor, the instructor can join the group. Classroom Integration: This reflects the ability of moderator to broadcast to all the participants. The moderator can dissolve all the groups and communication between students also is in a broadcast environment. App Sharing: Application sharing reflects whether the remote student can share a specific application and not the whole desktop within the group. File Sharing: This aspect reflects on whether the participants can transfer a file in a peer to peer manner to the intended recipients.
Licensing: This reflects on the price of using and hosting the collaboration software. The various aspects to consider are whether a software is free with the ability for the user to make changes to the software, the requirement of licensing a software and any feature request is directed to the maker of the software referred to here as licensed, or something which is free to use but features cannot be developed on referred to here as shareware.
From the above comparison it can be seen the tool which fit all our use cases was Elluminate. The reason for this is threefold.
• Elluminate is easier to use since there is very little setup required as it is browser based.
• The capability of Elluminate to support moderation via the software is extremely powerful. Moderation allows the instructor to create smaller groups • Elluminate offers enough auxiliary tools that can be used in other educational settings.
IV. FUTURE WORK
The above setup was put into experimentation with live laboratory classes. From the feedback gotten from this experimentation, it was found that for a realistic integration some of the social aspects of daily communication needs to integrated in the classroom. In the next phase of the collaborative environment development, we intend to integrate a social framework such that the students can use this framework to keep their interest beyond the classroom. This paper presented the challenges of a collaborative educational framework. To overcome these challenges we evaluated various tools and created a minimal framework for experimentation. We determined that the software Elluminate can enable this kind of collaborative framework. Based on our framework and experimentation, additional features are necessary for improving students' experience such as integration with more social features.
